Introduction
Ziram, one of dithiocarbamate fungicides ( Fig. 1) , is employed to protect crops from fungal infections in agriculture [1] [2] [3] . The use of dithiocarbamate biocide has raised increasing concerns regarding its environmental and health risks 2, 3 . Experiments were performed to evaluate the cellular toxicity of Ziram in rat hippocampal astrocytes 4 . Ziram accelerated lipid peroxidation and lowered the cellular glutathione (GSH) content. ] i , and increased the living cells that were positive to annexin V 6 . Therefore, we hypothesize that Ziram exhibits Zn 2+ -dependent cytotoxicity. The previous study lacks the information on the effect of zinc on cell lethality caused by Ziram, the mechanism of the action of sublethal levels of Ziram in the presence of environmentally relevant levels of zinc, and its implication in toxicological and environmental sciences.
Zinc is used in many industries, and the industrial wastewater is polluted with the excessive amount of zinc released 7 . The maximum zinc concentration in river water ranged from 0.14 to 0.22 mg/L in the rivers of north Portugal 8 , and from 0.08 to 1.76 mg/L in the Gombak and Penchala Rivers, Malaysia 9 . Zinc concentration in water samples collected from the Godavari River, India, ranged from 4.2 to 6.7 mg/L 10 . The calculated zinc concentrations in samples collected from these rivers were 2.1-102.4 µM. Therefore, the concentration of zinc in river water may be critical for the evaluation of environmental toxicity of Ziram.
In this study to test the hypothesis described above, we have cytometrically examined the effects of sublethal levels of Ziram on rat thymic lymphocytes in the presence of zinc at environmentally relevant levels. This study may provide basic information regarding the mechanisms underlying Zn 2+ -related adverse actions caused by Ziram at sublethal levels on wild mammals.
Materials and methods
-4-
Chemicals
Ziram (purity 99.9%) was a product of Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan).
Chemical structure of Ziram is shown in Fig. 1 [12] [13] [14] . Third, the process of cell death (necrosis, apoptosis, and autophagy) in thymocytes is well studied [15] [16] [17] .
Ziram (0.1-1 mM in 2 µL DMSO) and/or ZnCl 2 (0.1-10 mM in 2 µL distilled water)
were applied to 2 mL of suspensions in test tubes and incubated at 36-37°C for 2-4 h. A sample (100 µL) from 2 mL of each suspension was cytometrically analyzed by a flow cytometry. The 
Statistical test and data representation
Statistical tests were conducted using ANOVA with Tukey's multivariate analysis. Pvalues of < 0.05 were considered significant. Results were expressed as mean and standard deviation of 4-8 samples. Each series of experiments was repeated three times unless specified -6-otherwise.
Results

Ziram-induced increase in cell lethality
The (Fig. 7) . When the cells were simultaneously treated with 0.3 µM Ziram and 10 µM ZnCl 2 for 2 h, the intensity of ethidium fluorescence significantly augmented (Fig. 7) . Thus, it is likely that the simultaneous treatment Ziram and ZnCl 2 was significantly attenuated under cold conditions. Thus, the Ziram-induced cytotoxicity was also attenuated under cold conditions (Fig. 5) , supporting the suggestion that the cytotoxicity of Ziram is Zn 2+ -dependent. Relative changes in cell volume were tentatively calculated by third power of mean cell size (relative intensity of forward scatter). Column and bar depict the mean value and standard deviation of four samples, respectively. Asterisks (**) indicate the significant differences (P < 
